Since the work of Astbury (1938) and Bear (1952) it has become usual to define collagen as a group of fibrous proteins which give a characteristic wideangle X-ray-diffraction pattern, and collagens defined in this sense have been found widely distributed throughout the animal kingdom (Bear, 1952;. That a large number of different proteins have identity of wide-angle Xray-diffraction pattern implies that these proteins have certain features of their molecular structure in common, and the present definition therefore includes all those proteins in which these features are present.
Since the work of Astbury (1938) and Bear (1952) it has become usual to define collagen as a group of fibrous proteins which give a characteristic wideangle X-ray-diffraction pattern, and collagens defined in this sense have been found widely distributed throughout the animal kingdom (Bear, 1952; . That a large number of different proteins have identity of wide-angle Xray-diffraction pattern implies that these proteins have certain features of their molecular structure in common, and the present definition therefore includes all those proteins in which these features are present.
The highly characteristic amino acid composition of collagens derived from mammalian sources, and especially the fact that in many analyses the glycyl residues appear to be exactly one-third of the total number of residues present, has provoked much comment, and indeed in some models is a prerequisite of the stereochemical packing of the polypeptide chains. It is, in this context, interesting to explore the range of chemical composition which is possible within the framework of the collagen structure. Mammalian collagens form a compact group with regard to their amino acid compositions (Eastoe, 1955; Neuman, 1949) , and therefore for this purpose it is necessary to examine collagens from a wider range of animals.
Earthworm cuticle has been shown to give the wide-angle X-ray pattern of collagen (Astbury, 1938; Rudall, 1950) and is readily obtained in a morphologically pure state for chemical analysis. A preliminary account of this work has been published (Watson & Smith, 1956 ).
EXPERIMENTAL
Isolation of earthworm cuticles. Batches of 100 earthworms (Lumbricus sp.) were killed by drowning them in ether. After immersion for 15 min. the cuticles may be readily removed by rolling them back from the anterior end with forceps. The cuticles were then washed with numerous changes of water in order to remove adhering columnar epithelial cells. In the first two preparations this was followed by incubation with 0-1 % trypsin in tap water at room temperature for 8 hr. The cuticles were finally washed in water. For the determination of the hydrothermalshrinkage temperature the cuticles were used without further treatment. For chemical analysis the cuticles were dehydrated with two changes of absolute ethanol and two changes of ether, and were allowed to dry in air. At this point the cuticles should appear quite white and any yellow coloration may be taken as an indication of the presence of epithelial material, in which case the washings should be repeated. The yield of air-dry cuticle was usually about 300 mg. The cuticles were then cut into small pieces with scissors, and mixed thoroughly. The samples were allowed to equilibrate for 48 hr. with the air of the laboratory before weighing.
Moisture and total nitrogen. The determinations were performed according to Chibnall, Rees & Williams (1943) .
Determination of amino acids. Samples (50 mg.) of cuticle were hydrolysed in sealed tubes with 5 ml. of 6N-HCI for 24 or 40 hr. The temperature was controlled by immersing the tubes in a glycerine bath at 1100. The hydrolysates were fractionated on columns of Dowex-50 by the technique of Moore & Stein (1951) with the modifications suggested by Eastoe (1955) . The length of the small column was increased from 15 to 20 cm. The fractions (1 ml.) were analysed by the photometric method of Moore & Stein (1954) , 1 ml. of the reagent being added to each fraction.
Determination of imino acid8. Hydroxyproline was estimated by the method of Neuman & Logan (1950) . Proline could not be estimated by integrating the peak on the amino acid chromatograms since it was so small. Proline was therefore estimated by the more sensitive colorimetric method of Chinard (1952) , after separation of interfering amino acids on a short column of Dowex-50 acoording to Rogers, Kimmel, Hutchin & Harper (1954) . The rate of flow of the column was decreased to 2 ml./hr. to sharpen the proline peak. Fractions (1-7 ml.) were collected and heated with 2 ml. of acetic acid and 2 ml. of the ninhydrin reagent (Chinard, 1952) . The solutions were diluted to 10 ml. with acetic acid before readings of optical density were made.
Identification of sugars present. Earthworm cuticle (50 mg.) was hydrolysed with N-H2S04 in a sealed tube at 1100 for 16 hr. The hydrolysate was deproteinized and freed from amino acids and peptides by the procedure of Gottschalk & Ada (1956) . The hydrolysate was finally freeze-dried, taken up in 0 5 ml. of water and 10d1.
portions were taken for paper chromatography. The chromatograms were developed for 48 hr. by the descending technique. The solvents used were n-butanol-ethanolwater (40:10:50) (Hirst & Jones, 1949) , and n-butanolpyridine-water (50:30:20) (Chargaff, Levine & Green, 1948) .
Estimation of hexose. The analyses were performed upon a portion of the N-H2S04 hydrolysate taken before deproteinization by the anthrone method of Loewus (1952), galactose being used for the construction of standard curves.
Estimation of hexosamine. The direct estimation of glucosamine and galactosamine from the peaks on the amino acid chromatograms as suggested by Eastoe (1954) was not applicable, since variable results were obtained from one hydrolysate to another. A higher and more reproducible result was obtained after hydrolysis of the cuticle at 110°with 5N-HCI, by the method of Elson & Morgan (1933) as modified by Kelly (1956) .
Estimation of pentose. Pentose was estimated by the method of Mejbaum (1939) as modified by Albaum & Umbreit (1947) . Arabinose was used for the preparation of standard curves. Estimation of amide nitrogen. Three 100 mg. samples of cuticle were analysed by the method of Bailey (1937) .
RESULTS
Earthworm cuticles when freshly isolated in water axe transparent membranes with a hydrothermalshrinkage temperature of 45°. The bulk of the 27 cuticle passed into solution in water at temperatures above 45°. Air-dried cuticle (50 mg.) was extracted with 1 ml. of water in a stoppered test tube at 1000 until most of the cuticle had passed into solution. This solution set to a gel upon cooling to 4°.
Earthworm cuticles have a low ash content (0.14%), are insoluble in dilute hydrochloric acid but more soluble in dilute solutions of sodium hydroxide, and most of the cuticle will dissolve in cold 2M-potassium thiocyanate.
Estimations of total nitrogen and hydroxyproline have been carried through on each of the seven preparations used during the course of this investigation. The total nitrogen contents of all preparations were between 14 43 and 14-82 %, the mean value being 14-61 %, with a standard deviation of + 0 16. The hydroxyproline contents of the preparations were between 17 3 and 17 8%, the mean value being 17-5 %, with a standard deviation of + 0-2. When earthworm cuticle was hydrolysed for the determination of the amino acids about 3 % of insoluble humin was formed. This was centrifuged down and analyses were carried through on the supernatant. Three preparations have been subjected to amino acid analysis and were found to be indistinguishable, within the limit of accuracy of the colorimetric technique (+ 2 %). The analyses are reported in Table 1 .
Corrections of + 13 and + 4 % to serine and threonine respectively have been made for decomposition during hydrolysis for 24 hr., based on a comparison of the yields of serine and threonine which were obtained from 24 and 40 hr. hydrolysates of earthworm cuticle.
Examination of earthworm-cuticle hydrolysates for sugars by paper chromatography gave evidence of five components, of which one only was present in high concentration. This principal sugar moved at the same rate as a galactose marker which was run in parallel; glucose did not appear to be present.
Extraction of cuticle with water. When earthworm cuticle was treated with water at temperatures above its shrinkage temperature the bulk of the cuticle passed into solution. However, some residue was always left.
Air-dried cuticle (equivalent to 85 1 mg. of dry cuticle) was extracted at 1000 for 3 min. with 10 ml. of water. The residue was re-extracted twice with 5 ml. of water under the same conditions. The residue was then washed with absolute ethanol and ether and allowed to dry in air. The yield was 18 5 mg. dry wt. The material (N, 12-5 absolute ethanol and ether and allowed to dry in air. The yield was 58-2 mg. dry wt. This fraction, the gelatin fraction, contained rather less polysaccharide than the original cuticle (Table 1) . This gelatinfractionwassubmittedtoaminoacidanalysis, and the results are included in Table 1 . Two analyses were performed, one on a 40 hr. and the other on a 24 hr. hydrolysate, the results being concordant. There was not enough material left for a separate determination of proline and amide nitrogen, and the latter was estimated by integration of the ammonia peak from the 20 cm. column, followed by correction for the ammonia produced by the decomposition of serine and threonine during hydrolysis (Eastoe, 1955) . DISCUSSION The protein component of earthworm cuticle is associated with a very much larger amount of polysaccharide material than is found in the vertebrate collagens. The same is true of two morphologically distinct types of fibril from the mesogloea of the sponge Spongia graminea, recently analysed by Gross, Sokal & Rougvie (1956) . The similarity extends further. Upon hydrolysis of these three materials the amount of hexoses liberated is much greater than the amounts of pentose and hexosamine. These are the only collagenous materials from invertebrate animals for which polysaccharide analyses are available, but they would seem to indicate that the relationship between the protein components (indicated by the similarities in the wide-angle X-ray patterns and the presence of hydroxyproline in both materials) extends at least to a superficial similarity in composition between the polysaccharide components.
It will be noticed that earthworm cuticle contains a large proportion of glycyl residues, amounting to approximately 30 residues for every 100 residues present. This proportion rises in the gelatin fraction to about 32 glycyl residues in every 100 residues. A similar relationship between vertebrate collagens and gelatins has been observed by Eastoe (1955) , and it was suggested that small amounts of non-collagenous proteins containing low proportions of glycine had been removed during the production of the gelatin. This conclusion was also compatible with the remainder of the amino acid composition of gelatin, and is also I958 true of the data presented for earthworm cuticle and gelatin in Table 1 . Since technical improvements in the X-raydiffraction photography of collagen in this laboratory (Cowan, North & Randall, 1953) it has been recognized that the polypeptide chains in collagen are disposed in a helical structure, and several models based on this principle were subsequently proposed. The models which have provided the closest fit to the X-ray-diffraction patterns and infrared data employ a coiled-coil structure of three polypeptide chains (Cowan, McGavin & North, 1955; Ramachandran & Kartha, 1955; Rich & Crick, 1955) . Some of the models described in these publications require that every third residue in each polypeptide chain be a glycyl residue, for stereochemical reasons. Although no evidence for the sequence of the residues in earthworm cuticle has been obtained, it is thought that the amino acid analysis of earthworm cuticle gives circumstantial analytical evidence of this requirement.
Earthworm cuticle has been shown to lack some of the main distinguishing features of a mammalian collagen fibril. Reed & Rudall (1948) report that the material does not show the familiar 6401 banding visible in electron micrographs of collagen fibrils, and this observation has been confirmed by Dr S. Fitton Jackson in this Laboratory. Also it has been shown above that the protein component of earthworm cuticle shows no trace of the amino acid, hydroxylysine, an amino acid which is found only in hydrolysates of vertebrate collagens. It may also be noted that earthworm cuticle differs from vertebrate collagens in that the number of free acidic groups may just exceed the number of free basic groups (Table 2) . Earthworm cuticle also belongs to a growing number of collagenous proteins [(Damodaran, Sivaraman & Dhavalikar (1956) , Eastoe (1957) ] which do not fit into the correlation between hydroxyproline content and hydrothermal-shrinkage temperature observed by Gustavson (1955) in a variety of fish collagens. It now seems unlikely that bonds involving specifically the hydroxyl group of hydroxyproline have a great stabilizing effect upon all collagen fibrils. Very recently Singleton (1957) has published some analyses of earthworm cuticles isolated from Allolobophora kmga. In detail these analyses are rather different from those reported above. The AUolobophora cuticles appear to contain less polysaccharide than do the Lumbrice cuticles, and some of the amino acid values are rather different. It is not clear whether this represents a species difference or is a result of the extensive pretreatment given to the Lumbricus cuticles. SUMMARY 1. Earthworm cuticles were isolated from Lumbricu8 sp. in a form which yielded reproducible chemical analyses.
2. The analyses show that approximately 80 % of the cuticle consists of a protein component, which contains a high proportion of hydroxyprolyl and glycyl residues, but not hydroxylysyl residues.
3. The remainder of the cuticle is chiefly composed of polysaccharide, which when hydrolysed yields galactose and small amounts of both pentoses and hexosines. 4. A gelatin fraction was isolated from the cuticle and submitted to chemical analysis.
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